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•I 



ft m g * g 

H) ^.^.^.it^^Ji^^J^ikB.^ M Jt±.; i%M/&itmf^te.tf &&&&&& f^&TVt'fr. 

5 

ft 30- 100° . 

5.— ft &m l ^^^•S'JJr^^^^^J^iS'J^ria.A^^r*, &&%-k* 
15 TlMfc: 

i±& t ts & *l ,& , ^ ^Ue. ^ * 1 s - 4M* *. #htf A ¥}&fiJs ^dte & 



5 

^/K. 10-40° «#A,^4f*T*^^*a*#^WJt*^B** i »«K--flfe. 
15 li, 4M**uP]*# 5 »|*jfii. -f 

20 x«a.-f-«fe^B«.«.i^-f-^*^-snfe*.^«**^, ^■snft*'hjt*-*»ABtj|t#.B*. 

16, 4M**l#J*#. 5 ^ii.^— #it^J^*'l*jfa->S.^^-*, *#4>E.^.-f TISJBt^^^^- 

17, 4M**L#]*4S. 16 WVLtfi— #*.*J#*J*jfe-tttt53rjfc, *4**^-f-X.3&ljtfW*f*& 
_L#*J 2 ^B*Ji*ii*«tW**#**. 



19, 16 ^/rii^— ^tit^J^^Jfria-^^^r*, 

«•] ^iMt^J&jfiuia'] et , £ ± %m#}&*hM^Xi&5 •mfttfiK.-ftfa 
^/^^^^Bt^^^^4lu+a^#^.^^^tb^j Pi. 

10 20. *M**l#J*j|S. 19 #ri£tt— #A«|^jHtiiA«**, *#*£^-f *J^«^*jfciffi. 

m ± % fa&L&. m ±*# *iit^f #i* at , #*fe^ jjjt jfc a «i JiMtiffi. *'J * ^ a 

15 &tei&tit4f. 

22, feftM44Ml 16 & 18 iS. 19 #MLitf— #t^J^«>J*jfa-vS.^>5r*, *4W0L&-f 
8tfl>J**jfeAi±*+ . >Et tj #;fc*U&i*Mf**f*|;t Di Pi; 

24, — #*.-fcl««l*iLa^jft-«p««l«.i, i^fc^#-^*-llt«Btf-f« 

25 25, 24 ^■aL^*.«l^*J*AA4*jR-«P«*J«.i, ##*E-f 0fi£6*;»o>ffi.*: 

*J*««*iM*ttAM, *i.&&2l*m.t.&*l 1/3-3/5; ^Afc^tf^ft^Hfc 

^^«^/jL/flJMr— *flH±^*JBtflfcA, ^#*#t*i*jft3ap*> a «ilL<Mt#. 
2£#tf Jtti£jfc|*a$«tf f*i #J&^«t^,& tt*htt*P4H*J»J iiit*t#ifeA. 



33, 4M£*U»J:£-#. 24 ^rit^^J^*J*jfa->!£^JK-Sp««!|^LjL, *#*Mt-f/^i£^EBX 

^«^#-f-*-*P*tiiir*^-fj»-*p^ijr«*^is. ioo° ~i75° ##-HMp**4t<« 

fcfctf^l^fffciO^l^^tf^l^tf^A 30° -100' ^-JL**Fi£^«. 
25 34, *M**tfiJ*#. 33 #i£tt^*J#jfiiAtflM<#*l#.X, &ftte-&.^f*VLiti3-$mK 

36, *»*L*J**. 33 #i£ttjt^]#jfiLAtfjR^#»|j|fcX, *#*E^-f^il^-f-JRS*. 

37. #m§*U'J*#. 24 ^tit^it«J'05«Itjfc-a^jKt^P«C*Ji!ti, ##te£-f#fi£#^J& 



5 ^#J*M^A3l£:lfrA«>NXJi£^ # 

39, 24 tfifctt— *it«J£«*J^«$Ifc^4|ltt£.X. *#4M£-f 4*i*flfe 

40, — #t/(LjIJ*i*L#J**. 24 X>M'J*#. 39 + tb&ft— #JW#^*.Xtt Jt'&J'fl&aM* 

io ifcAW*#t-?-*taii, *#*£*f-j.^€.4#^r— >NJiiiWJft-*p#*Jiiti, 
^tli.^ JitoMH* A * , jmm* A n ?<] ^r«r it £ 

41, 40 ^i£rt*«j#*j*jkAttJMW*ft3E#.X, 4M*4t£-f waitf 
*te^A#fcX A*UW*f* A X*#-f *fc&Ji*#*J ft 0f-*T*U* A H 

£--£#^4s *f&tt #M£ft ^^JtttiMHr* . 

42, flUfrM-J**. 40 4i ^ii<^it*J^«l*i^aL^JiMHir-^*t3E*.i, *4*4*£.-f 

43, 4M**Uf»J*jJi 40 41 ^^^J^««Jl:iiL>!£^^c#^-f-*ta^.J., £-#4iE,&f- 

*J + .« at 4tSL tfa IS-^Ht-T . 
25 44, ***i#j*jJ5. 40 ^■ii.^it-fi'J-^jfa-a^Jlr^X, *#*Mt-f f/riirtfcteaMMkSMt 

45, — #ifl«*i*L*J**. 40 X 44 ^*L*J**.^f-i«.^JlW»-f-*ta«.X^it 

-&J^ife>a«'JJ:^X, *#*£*.f-Xi^fc^— Jii«.Ife-«p*sW«.X, i£JfcW«'l£XX:m 



46. 45 «fil^Jt*J^AH«*j|ti, ##4fM£-f/Sfi£tt#A - *]*#.*. 
*T4k-f * ft *r*fc*J ±*fcffr J&tt -f - J$ A , Htt* A « A*** A . 

47. #4**L*J**. 45 *fi£tt*.*J#.&A*]**.JL, *#«E*f-l5ti«.^#A - SH**.i 
5 ?&f-5MR*H£i*iMtJfc*H*4fc^fttt4LA&#. 

48. *M8r*U']*#. 45 ^i&tt^*J#JLA*|*j|!tJL, *4*^f-^/Bi74MfcA<flfcff/!fr 

»A# A-tHlSAiL.dLASM? . 

49. ^MMM'J** 45 J. 48 AA**i|fci, f*tiL#l 

10 jft^***i*^»>h*iikA^^*Mi^^**^«^*i«*A^^B>ajfc'*, «iA«* 

&#rjfeA3Ni. 

50. #4MM»]*jfc 49 *ML*$jt*J-ft.AA«l±#.£, *#4*£f-tffi£*$X.#JtoMH*& 

15 *4fl^**X.*lMiA#M*A - »lt^t^^*l*«lj|tl^ttA**it*. 

51. ***t*J*4i 49 ^taL**je.*J«AAaH**.X, Jt*4Mt-T-«5"#*t*fe*JjtsfbX.«Mjt 

52. «L4fc;M«i*4S. 4 9 51 flfii.*^*— *t*,<&J#.*LA«±3!tJL, -&#4M§E-1^ -f *t 
20 ^^^^A^^i£#jkASB'J:f:#>f£A - «'JJ:^.S.-5r^^^*ffi— - 

*Mfe3*##»A## + JtMfr#atfJ-jkA*|±Bfr, iti±— ^-fe*7&&3.#Jii£tf 4*A - iB'J 

*&JL&**^#«^J*JlW;fcAit^ 

53. *»*L#J** 49 A 50 tfi£«*X,«J4!MLA*|*gJL. *#*Mfe"f *#ifcJL— >h*J 

25 54. MM)gr& 49 ^i£tt**J<j|!5.*LA*J*£.X, *#4i*-f 

55. #4**L*J**. 49 & 54 tfidLtt A-tt-tt-kAaj***, *4WMt-f '■r#*f 
30 56, «4**L*J** 49 J85. 54 & 55 0ri£tf A.^'ft-faA***.*, T#/8ti*J$ 

^#^i4L*4it^'aAA«!*j|(LJLi5itiMt**lit*. 



5 

^^LjJLffi.^-fr— ^TPMS.-f-f-J^A. jiilLAf-itf:«a^^ffli*j 3 mmHg / VtintiKM 
ft. ^^^^vL^^^^^r^^^^^^^&^^^^A^i^S^^^, rfoJ. 

25 Jfl 1^>l£,&;fr ;fr4Mfr>& ( ) 4afcb, ^JMT1fe#>Ml**ift*4.#U*«M+ft 



•eJ&aMMtiha.ttSMf* (-dL#^^7*) teit, tint, m-i*k*LX 

#fi?f "^jfitvS." (Pp-^i4..cji6t^ft)t^jk>ffi.) sfetfe, epte£iL1j^^THMM& 10 mmHg 
^^^«.'MS-<JLTit^^.Tit4Sfc+ mmHg. M.*-*-*! + ti + Ht 

&. 



4L & -t^r £.41 -h tt^«t*»it tf> A Jo *r t ^ijtjt — >HW*#A*I* 
& *»J#M$*Mr ?«J IMHT -f - 1 *..**h -5 ?<J j*. # JL ^ — H ffcmt* 

30 J|{-fjft; 

4. >{;7l*jL^|t^Ai*^^^<t^»^JR^#*^i^-^#.-*P^, #*l-f*L*. 



& -f ^HMPi*} Hf"W^ # « ^ A— ^HHW Bite©; 

5 6. # 7 i&&*-f-fcBtfi] &i£&# ■sr^E.^^.^A^^Ji^ 

#tf^J&^^,&J9#"J##^ Di, |5)Bt^ii!*-J 

10 *4 Pi. tf##J*A^J&ia.,^ 

jM**J]fe-^"i±*.*$4Mfr2t£7 Di Pi,^E.-)fe8tl"fi]*J*j6L>ffi.i±^+, £&^JtJ$W4JI3W# 
^55rj^**r«'J^.Di #»Pi. 

15 

S 2 A® 1 ^*«£^ + #£>HttW*5l£ittiP*ffl; 
20 ftWit^r«*rfiS; 

25 E 6 A® 1 fft?fiib&&WM±+fyJ&fr&itiJ&¥l3r&r¥j-fr-tem-, 

ffl 9 A* ( SK.WW#^.*1 , ^«fe«^.^«ffl. 
30 it^^^A^Jt^jE-t^rUfc^mfiffl. 



5 



1 

5 ^Mc^tta*^**. *»H 5 #r^, #-f-4MP 17 #j*fr-F *M 18 

B|;t£*ii^**tt#JMU£ttAAJi, &'Zln$L*tm& 100- 175° *;fc;#i£---^)M$--f- 
Jifc^l8;Ml*)--f^i^ , ffl9tf#JS S^*it^»J**fe^J*JiA^/iiAJi,i»#A*.#^ 30-100 

— >HHfcE);t-it. 6 *.Bjt-f-J»-*P 18 #4M&*-*-*Mp 17 ^^«t«'J*ib$5,^ 

15 *£#>i*TiMfc: 



iM»4*#«4*3***4MfflJt.I. 10-40° ^,-flt4f*.#^T*^-f-«.aA-*p 20 ^^^Jt#. 3 
15 8£«|»Pti*tn, **^W>T&lfc-f-'IMP 17 -fc-f-jft-* 18 jte4Mpa>4*»£lMr 19 -Sp^tfjL^ 

tot&mmx o i&m&A. 2 3 /it*, ^*.^*-«A«t 



£4£T&#-flfeiL&tt 1/3-3/5 ( <fiN*^-f&A— 30 mm ). %7fciSL 

i£^£ 3 7 

it, ii^fc 3 #)$niinfi\W {j-tii) 10 ^m^ntM. £.#-i±tf$J& io«tA, 

10 &%M*frf&. 7 ^^jfc^^-t 8 *7 11 12 

-Hfcl*l-*pUe,® 1, ® 3),^**. 7 ^M'tfSk*.* ^L^X^^mM. U 8 is. 

£*M&ft4it&&ftP\ 4 i&4ftfrtetf)£ .&*]±Je«Mf4HtHs«.. #7^#t£#&3I 4 J? 
15 Jiit^Llt 3 — feBX*J-f-tt-t. #JL*SM»*Llti'j4H4t 10 *&$j*L&iM-JftjM». 

»PM*J 4 #.rt&£jLi£^£ 3 4/tf*,£jM£:fc« + ,ii'H*A*0M>] 4 * 10 

^fc^iLjt=*1f 13 15 'Hfc'fe.MM?' 14 + , 15 ^it&JMS.'f 14 

P$-f'J. HL'MIM^JSjHWM* 7 tfAmn^TttTTftJ^*) 3 *'],-£*<J;$ 5#. fl-^'J^JSUfJ? 
ffl I* . 3 *h, 10 jfc-=4aMf 1 3 itfc-MS.'f 4 *i&4^fl] 

20 ^TIbJBR, it&jLJL^toLG 13 14 *teqjfc£-ti4*Jt 3 

ttfl-fifcWfcJKIM.tfi'J'W* 10 **rt4L*. ID^Bt, $um2LjL—%L% 13 

14 tt&*.ft4!*)$jttrt<ffi& 10 #F**4L£>, ^#jfcfcXfctf**J# + 
JBI 10 # + 3 *K # 7 #jt*.&-=. 4Mf 13 i«LA^Jta^L^*.J*Jt4Mfc*«.^laL 

^ 14 -&»!*., ifcJt^*L^ 13 #pit,*ife*l*yO^«tt«^**#A*^^BB#Jte*— >* 
25 15 ). ^iiJt«.#**tt-«l*^*7^Jlti#Bt, * + 

io >MIL*J=jJMf 13 4fc*ttfe>hUA>*ffl#3^ifci±*lJt 3 tfffi+ifcfl&JiJIfE&tf ft-tel 

&.tt&\X>^tii& 14 t^itaASt-ffc, at^-etifc^XiiaL^ 14 tf*-ib*sfc; fc «t*4fc, *j* is 

>Hfc*.=.*Mfr 14 15 4H&l«44fr&J*- 7 tfiM*£4fc#mA 15 ^^*M*#4tT-§-#r 

30 lb. 



i&*JLt, ^«if'J«it^*JK«LA^^j(ti*j4H* io frm% 5 fcflLltf 
^«fe-Wt, ii/M** 5 ^«J**t*J«^,^L«Mt» 16 SI^^D^ 6 _t. 

-f 50 mm) , *BW*4*# 5 £i*-Hft^ 18 *»-f-*Mp 17 *4Mk*$*^#JWIr-r-f-*M|S*»-H|L 

#fl**rt*.#-HMp n Jtetf-f-f-jfr* is is *j*t-fHrif 19 *$#A4H'J 

B«.**it^«!**^Mti«-a^Ai*.Ji, PJBtm^.-f-JR-ip 18 *$4H&*»-WMP 17 * 

25 #fe 12 iMfc'ff' 8 ;te*tf-«## 7 <K»4£S.^*f 5 (a) 5 (c) -HfcE) 

6 tt#4*£<flW*-HMP 17 ^1T*I*^^-JR-*P 18 100- 175° *Hfc 

#W-BP 18 ^1f#|i&^-f^*jfiJH-^^^P^ 19 30- 100° 

Jft. #iiUi«*AAT»«l**lUfc#Jfr 7 i$#-(ttRJ& 11 12 tfteJ., #<fit#*&^**- 7 

*k-f— ^*T^-W*fe'fr 8 5£»*.i£^i,^"#Jf-^Jt 3 ^AJduAi^ift^* 7. *» 

30 S 5(b)^f*, 6 tf#4fci££<fll-f-*MP 17 # t*«*WB*t-f-f-Ife^ 18 ?4NAttt'tt£U9 

A 10-40° ^^'h#4t#J#^^#^,^^^#T^r^-?-#.ia^ 20 it******!*} 



■HfeBJMt. 6 # — >Hf JB*.**]-*- ^LfcW 5 tt&B. ^fj^fc 3 *»ABt«.±^^|t 

*it**M|* 17 *t« JL«, -Mfc* ^£ 3 *tAN"***h«4Ji'*'> fc ^.Jfc*l+*# 17 a^tf 
5 HtM, ® Jn&-k°® 5 (a) ffr-fcfo^iX&M 6 £-HMP 17 ##Jd& 4-Hfr*P 18 H-#JS4B-^*t^ 

*IB£.-HMP 17 BtWaA, W*M*-HMf 17 J?-f 18 4B-^-lp^*-f-f-#.4p^##lt 
ft 4SWJ'J^BB#.i6,«.-r«.t^^lt«F^ 5 tfBfc.. -f-jfcBJt*. 

10 Jfe4p 18 a e>#4M*4Mb, (Bib, #7i£.,£*is]^, fefett-fjft, M^#m/Ut 

B5U6-$-ffi ) ,#J-#i&&B3..ft 6 it*itA*«!*^^it, T£l9*i€. 6 ^F*J#i©*6— >§r 
21. 3 >K JSfcBJUfc 6 jLB**A**^a^^^»*»^'J^* 22 m 

f#toli^4« 17. -f-Jfrip 18 vx&tfjft 19 *^&iiL>M-l!fcB;t-fc.t. 

15 *»S l ^/f*, *Ift*p4**J#.* 0 #JI*##&&PM 4 itf 15 *Mfrtb^*J J5lMHt-5-*ta 

&JL l + # 15 iii*JMH*-*ifc*. • 23 15 >M(tMk;tai£», W8t*6*tt-«|»*«i 

&Jt 0 +-tfrS&Jfr*»/£*Ut 3 *M-**L* JM*A 2 +^*,iBL/^a#4fc* 24 

^^tfci^^^A^^^ 25 tf&£im^&,fa&4&. B.fi#r&i& 25 ^4frtbi***JA^'fr-?" 
A*.*** 26. 

20 B«J»#*HS««Bt, &#**J:frtf-*-*Mp 17. -f-jft-ip 18 ttAUr^ 19 B&.£Jft4M*ai& 
JL o + rt-f-ifcBJt4e 6 t. «^**a*i-#*«*4 0+4^^3 # + *v*;MMMU*4l!rf3 
*«^*.»a*A*h^tt^#. 7 #<MtB;tap# 4 4tfe£4-JK# 18, ##W*.*4M 
16 -5-HfeSJt.&6 
jaL&i&ltmtt&H, 2 + #*LltaL «M& 27 

25 ifc-feA / *US.#&H 24 tffcA, «Jft-*p«t*J«.i. 0 + ¥jK*L 3 Jf-k&tfft&ffr 7 aMr*|-*p*» 
A, IgjBtJ^W«'J^-J. 0 + ####A*PM'J 4 M. 15 >M£X#«*tt##JlW^*,il*l# 
#f*-$-*t*#.X 1 • *^4f-iO'J* + ^*^«MHt-?"it#*J«-2.8. *f-4iX*W, 

M. 15 >M£X4£*I it ^^flM^Hf ^ S-*n#i, #J."sr*kfe£ 

30 ****** *J a^Mfrat; ^^^^A^^Atb^^W^-ff'ti-f-Aj*^^, *p 
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* 29 4fr**J*4**^A^>^^^,^{fc4S*J^,^^<lL«(rtb*^ 30 4frtb«P«>M»t*J 
^=(3x - itfJtfi.) / 2 if 

ib*#*4JM##^Al^f-***i*^**^>HiiJL. £B;£*Ut 3 at, 

♦It. a**— >HW*f**l*4iX****- 38, *t*B«.^*Bt*.HfeBtBIAAS«titat* 
***-f-»MrA*.^#HK*iR-f-«lW*.4€. 6 fe**jFMd-9-Jfc*|s 18 *@*)-^Tfr# 19 

20 

&4fc«| 2 

# ^ ^Ml B Ji # # — >h & ^W*— >Nfc-HMs #'J # -ft 3H**Mfr 

* is. m & f - its # aw*f*-s-;s -f &&*m&& *J # * M . * -f 
25 jMR*M**4.—#e.*r#.#., #x^i±fi*je*^«,wtat^*»*i«.. 

*£*-H*$*jwfr#je,8i 7, *.tttJ0MMfc*3iti o #»/*#it-§-*t3£.j: i *wjM 

■if-*X*fe.iK.'!/l. -M^Mfc*Jt,-*i&;ifc*J 1 *teHstfi*EJWA4fe£-:W***l 32 t^*.^ 
*MHt 28 #4frfti***iMJ*4*^A^Ifrftfc* 30 -&ft^fc 3 

#J*LA 3 t^A^^^t,. 

n 



32 1fA.tex4Nfe&*f-* -tiJL. *>m 8 #r 

^, £ifc'HF-*i4ft**T, 4L**MM&*— #, - *]±#» + tt^it& 27 
&^^T*>f*^fc,&/^,Mf4fctl 24 4&J0Mp4fc*l£.JL 0 + 3 ff"*6*f&3fr# 

5 7 aMj*h-ip*i,ffi., B 8tJR#**J«.i 0 + ttaW*ft&*PM'] 4^15 ^ilX** 7 # 

• ^^iiL5'J&^^t-9-it#*.^ 28. 4^tfatf££j*#4**i4U!i4M« 
&*l£*£W*.%- 34. £4M***A*fcl&*JSl, eptJU'J 7 &4^4^it«UK^4^ 

10 M# ) ft ftfcmX&^lfriit} Vo. 

Afcjg, 32 &^JfafeJMftfc&*f-& 33 ^S'J "IW tejL, te#MH#-& 

Vo iii±— ^fcftfcj*. 36 ft*, ^-mM^Mnm^L^^ 37 tfif it, MS^i ( f? 
^^^#>^t^#^^) Jttfft4**H&, ■frm'£W.*jj*LJ& / 

15 H 24 *£MM*Ut 3 i&— #^Mp*t&^J&. 7 **i4tSt^4^ljtrtjfiiAit«— #4^A^. *» 

ii#A4*4M&JW*#4M**H&4t'K 3L1&, S^JKLA*.*,**. 37 £«H*.*Lfc 3 

A^jjt 3 25 ^Si^A^jfc 3 rttt£L^T£a*##jfc>HLifc#4$*. 

25 *J4&i£fc»H\ 

£*fc#| 3 

12 



29, 30, 31) ^^^^^lt^*^t^i^#*^>&^^^##*^^ - 
£fc(Pp® 7 t *L£.B.J)¥} 3LM^&ft\ & 34, 35, 36, 37) iti±— * 

39 ^H^. *f-ii#^4M.4M5*tt, 

15 ttAJS.**. &m±&&#&fr 

tit*kfa 7 9 XfrM&&%—^i9L%lfrm$&&*j1»*m.$L& 3 ifb 3' , £«4M&#-t 

J&jk&. 3ty ^ *t %L&4f#L>iL . *p£tfca|#tt4fc?M9'. 7 ^^^^^»J#^X.^^t 9 J&#&tfg. 
^*^/TJtt^^j(t^>S.^^J. Di, RBt*.jfc*J*A^*A**i±j& + ,5(t'*- 3 A*^f-*fMJt 7 

25 #&#*frai#tfX.3&J*. 9 JJjt#*«3fe*..fe^)tt^^jt^Ay;ji5 l * Di, IS) 
at , it & 1) te-T- tf-f-^&tt&BIrt 4**1 X.#*MMMH* 1 4 * *. *.4M* Arts#| P i 

#.3^3' itit, mmg-fcte-&&mf#$.&.&fa i fr/L-dfa 9 

30 A#, Mm$b*htif- 7 tf.*LA*l**#JMtX^# 9 ^jfeA«**l*i!t^t«.>fr8t, 4!lT«#' 

13 



£.Di fa Pi; 

^I5]^J^W*^i 0, **>ffl 10 £^fc#P# 5 JJ&^T *ljt 3 tf*t 

& , 4Mfc*J * A >fc' , 3n3.&$L*. MM ^itA ilj -f + -f *>1 

JMMHM*4**^4M*tf Pi. ii#,£^tf****##AABt,#*#**J4f*$x. 
25 ^*jca^4^«K© ^ ^jit ^ jfc^>^ ^7 ^.^r D i , ^ tb i^L^ ; WH* ,£4Mb&^4S,-fii 

If ifeiiJfcrt'HtilWL. ^TKrit*-f*fc3Wtt^i±*.^#*i*.3t7 Di Pi, 
:£jk,£i±*£t> iStll**.J5i*feJB#.«t^J*Bt— #^^r***r«'J^. Di *»Pi. 

14 



-hit***to, *4fl f^^#$^M*M'Hf^^T^^X.^W-lii:^ |S) 
4$, fiA^X.^*M«*3|8^W-*iLa«ifrt**. 

10 

5 
7 

25 JS«t*«.*.*.X (4H*»«*^ie.*^. *Bil.&i&flU&— 4MH«£4t, #1 

£*fc#'J 8 

-ML«W44**« 8 4#-Lii64 7 *3fe;te<W*M**&*frfr«'— ^*J#-HfcAA«J*ilkE 
30 J^***.*^*.*-* *.4Mt*U tfl&Tl*} 

15 
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[54] TITLE OF INVENTION: A Method And a Device for Noninvasive Blood Pressure Measurement 



[57] ABSTRACT 

A method and a device for noninvasive continuous blood 
pressure measurement, wherein the angle between the 
lower part of palm and the wrist, and the turning angle of 
the wrist relative to the forearm, are both kept to the most 
applicable degree for measuring the blood pressure of the 
radial artery, with at least one pressure ballonet and one 
arterial pulse sensor array being placed on the skin over 
the radial artery of the wrist to apply external pressure to 
the artery and to detect the change of the arterial pulse 
signals. This method and device can easily and correctly 
measure the intermittent or continuous blood pressure of 
the radial artery or the ulnar artery based on volume 
oscillation method and volume compensation method, with 
no influence from the body movement. Also, it can 
eliminate the influence on blood circulation and neural 
function of the hand caused by long-term blood pressure 
measurement. 
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Claims 



1 . A method of noninvasive blood pressure measurement, with at least one arterial pulse sensor array 
being placed on the skin over the radial artery of the wrist to detect arterial pulse signals, wherein 

the said method at least keeps the angle between the lower part of palm and the wrist to the most 
applicable degree for measuring the blood pressure of the radial artery. It can lower the position of the 
tendons and cause the radial artery to be close to the radius. 

2. The method of noninvasive blood pressure measurement in claim 1 , wherein 

it is preferred to keep the dorsal side of the wrist and the dorsal side of the lower part of palm at an angle 
of 100 - 175° during the measurement of blood pressure. 

3. The method of noninvasive blood pressure measurement in claim 1 , wherein 

the said step keeps a turning angle of the wrist relative to the forearm to the most applicable degree for 
measuring the blood pressure of the radial artery. It makes the radial artery be closer to the radius. 

4. The method of noninvasive blood pressure measurement in claim 3, wherein 

it is preferred to keep the volar side of wrist relative to the volar side of the forearm (near elbow joint) at a 
turning angle of 30 - 100° towards the medial side of body during the measurement of blood pressure. 

5. The method of noninvasive blood pressure measurement in claim 1 , the method comprising the steps of: 

A. At least place a pressure ballonet and an arterial pulse sensor array on the skin over the volar jut at the 
distal end of the wrist radius, and keep the positions of the sensor array and the ballonet relatively unchanged 
against the said jut; 

B. Make control over the pressure of the ballonet, with a lower limit less than the expected average blood 
pressure of the examinee and an upper limit higher than the expected systolic blood pressure. 

C. As the ballonet pressure increase/decrease, the pulse sensor array detects the pulse signals rounded up 
from the radial artery at different sites of the wrist, and then send it to an optimal pulse signal selecting circuit. 
The pulse amplitude is higher for those obtained from the sensor-point nearer to the radial artery; On the other 
hand, for the signals detected at a site with better transfer of pressure, the mean blood pressure and systolic 
blood pressure shown in the pulse signals can be lower. Therefore, selection of the most 
pressure^ransfer-friendly sensor-point over the radial artery comprises the steps of: analyze the signals of the 
array row by row (with arrays in parallel with the radial artery) and select the sensor row which possesses the 
highest pulsation when the maximum amplitude is reached; to select the optimal point from all the points of 
the pre-selected row, choose the sensor point which has the maximum amplitude as the ballonet pressure 
runs up, but almost has the pulsation disappearing and be constant as the ballonet pressure runs up higher 
than the maximum pulsation, and the ballonet pressure corresponding to the maximum amplitude and the 
disappearing point of the pulse signal being the lowest among all the pre-selected points; the pulse signal 
detected at the optimal point is deemed as the optimal pulse signal. 

D. Apply the optimal pulse signal to the noninvasive measurement of the radial artery blood pressure. 

6. The method of noninvasive blood pressure measurement in claim 5, wherein 

the pulse sensor array is preferably positioned at the center of the pressure area of the pressure ballonet. 
Thus, when the sensor detecting the optimal pulse signal is positioned at the center of the said sensor array, 
the central point of the pressure ballonet that has the most pressure power is accurately aligned with the most 
pressure-transfeNriendly point of the said sensor. 
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7. The method of noninvasive blood pressure measurement in claim 6, wherein 

once the optimal pulse signal is selected, the position of the corresponding sensor in the sensor array is 
visually displayed, and the position of the ballonet is adjusted according to the display, so that the optimal 
sensor site is positioned at the center of the array. 

8. The method of noninvasive blood pressure measurement in claim 7, wherein 

when measuring the blood pressure for long time, an automatic check is carried out to see if the optimal 
sensor position is at the center of the array. Should the sensor shift away from the center of the array, an 
alarming signal would be given so as to prompt the operator to readjust the position of the pressure ballonet. 

9. The method of noninvasive blood pressure measurement in claim 5, wherein 

the arterial sensor array is preferably secured on the inner surface of the ballonet (facing the wrist), so as 
not to influence the even distribution of ballonet pressure over the wrist surface. 

10. The method of noninvasive blood pressure measurement in claim 5, wherein 

it is preferred to turn the lower part of palm towards the little finger during the radial artery blood pressure 
measurement, forming a deflecting angle of 10-40° from the central line of the lower part of palm relative to 
the central line of the volar side of the wrist, such that the palm bulge below the thumb does not hamper the 
close contact of ballonet holding strap to the wrist. 

11 . The method of noninvasive blood pressure measurement in claim 5, wherein 

the diametric gap between the wrist-palm joint and the section near the forearm is filled up, and the 
irregular surface at the dorsal side of the wrist-palm joint caused by lower part of palm's bending backwards is 
smoothed up into a regular cylinder, thus preventing the slippage of the entire pressure ballonet along the 
long axis of the wrist toward the lower part of palm when inflated and boosting the stability of the ballonet; 

12. The method of noninvasive blood pressure measurement in claim 5, wherein 

the contact area between the securing means (for both the ballonet and the wrist) and the wrist is large 
enough, so as to decrease the pressure acting on the other parts of the wrist when the ballonet is being 
inflated; 

13. The method of noninvasive blood pressure measurement in claim 5, wherein 

the selected optimal pulse signal is used in volume oscillation method for the measurement of the mean 
and the systolic blood pressures against the selected optimal pulse signal. 

14. The method of noninvasive blood pressure measurement in claim 5, wherein 

the selected optimal pulse signal is used in volume compensation method for the measurement of the 
mean and the systolic blood pressures against the selected optimal pulse signal. 

15. The method of noninvasive blood pressure measurement in claim 5, wherein 

the selected optimal pulse signal is alternately used in volume oscillation method or volume 
compensation method for the measurement of the mean and the systolic blood pressures. 

16. The method of noninvasive blood pressure measurement in claim 5, wherein 

two sets of pressure ballonet and pulse sensor can be placed separately on radial artery and ulnar artery 
(one for each) to alternately measure the blood pressure. 

17. The method of noninvasive blood pressure measurement in claim 16, wherein 

the pulse sensors for ulnar artery can also be shunt-wound photoelectric sensors, and it is preferred to 
place at least three shunt-wound photoelectric sensors in a line vertical to ulnar artery within the pressing 
scope of ulnar pressure ballonet. 
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18. The method of noninvasive blood pressure measurement in claim 16, wherein 

when measuring the blood pressure of ulnar artery, the result of the radial artery blood pressure can be 
used as a standard to calibrate the result of the ulnar blood pressure measurement. 

19. The method of noninvasive blood pressure measurement in claim 16, wherein 

when using the result of radial artery blood pressure measurement as a standard to calibrate the result of 
ulnar blood pressure measurement, the following steps are involved: calculate the difference (Di) between the 
mean blood pressure measured from radial artery and the ballonet pressure of ulnar artery corresponding to 
the maximum pulse amplitude of ulnar arterial pulse, and at the same time calculate the ratio (Pi) of the ulnar 
arterial pulse amplitude to the maximum amplitude of the ulnar arterial pulse when the ballonet pressure of 
ulnar artery is equal to the systolic blood pressure during the measurement; each time thereafter, the new 
mean blood pressure of ulnar artery can be obtained by subtracting Di from the ballonet pressure of ulnar 
artery corresponding to the maximum amplitude of the measured ulnar arterial pulse, while the new systolic 
blood pressure of ulnar artery can also be obtained by seeking the ballonet pressure corresponding to the 
point where the ratio of ulnar arterial pulse amplitude to its maximum amplitude is Pi, provided that the 
ballonet be lower than the new mean blood pressure. 

20. The method of noninvasive blood pressure measurement in claim 19, wherein 

when using the result of radial artery blood pressure measurement as a standard to calibrate the result of 
ulnar artery blood pressure measurement, the two pressure ballonets can be connected by tubing, and then 
use volume oscillation method to measure radial artery blood pressure and ulnar artery blood pressure at the 
same time. 

21 . The method of noninvasive blood pressure measurement in claim 1 9, wherein 

when using the result of radial artery blood pressure measurement as a standard to calibrate the result of 
ulnar artery blood pressure measurement, blood pressure measurement on radial artery and ulnar artery are 
carried out in succession. 

22. The method of noninvasive blood pressure measurement in claim 16, 18, or 19, wherein 

Di and Pi value should be measured periodically for long-term continuous measurement of blood 
pressure. 

23. The method of noninvasive blood pressure measurement in claim 5, wherein 

other criterions, such as the shape of the pulse waveform or the change in the level of the base line, the 
change in the oscillation amplitude of the small vibration wave added artificially to the pulse wave, and the 
change in the speed of blood flow in the artery being measured, can be used to judge the unloading state of 
the examinee's artery. In addition, hydraulic pressure control can also be used to control the external 
pressure applied to the examinee's artery, and other types of sensor that can detect the artery pulse are 
applicable in this invention. 

24. A on-wrist detecting device for noninvasive blood pressure measurement, comprising at least one 
pressure ballonet secured by a holding means on the skin of either radial or ulnar artery, wherein 

at least one arterial pulse sensor array is set on the pressing area of the radial artery pressure ballonet. 

25. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

the said ballonet preferably form a round shape of pressing area, and the diameter should be 1/3 -3/5 of 
the wrist diameter; the wrist-touching bottom part of the ballonet is made of substantially resilient membrane, 
with an arching out toward the wrist; the lateral and air-exposing top parts of the ballonet wall are made of 
considerably rigid material. 

26. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

the said pulse sensor in the pulse sensor array is preferably a reflective photoelectric sensor that 
consists of at least one light emitting component and at least one photoelectric component, and most 
preferably has several photoelectric components closely arranged into an array at the center and has light 
emitting components arranged to the circumference of the array; facets of the said photoelectric component 
other than the light-receiving skin-adjacent facet are covered by light-shielding material. 
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27. The on-wrist detecting device for noninvasive blood pressure measurement in claim 26, wherein 

the said photoelectric component array consists of at least 2 components vertical to the radial artery and 
at least 2 components parallel to the radial artery, and each said component makes an outputting channel of 
radial arterial pulse signal. 

28. The on-wrist detecting device for noninvasive blood pressure measurement in claim 26, wherein 

the said pulse sensor array preferably sits internally on the skin-contacting wall of the pressure ballonet, 
and the light-receiving facet of the photoelectric component and the light emitting facet of the light emitting 
component faces the said skin-contacting wall of the pressure ballonet; the center of photoelectric component 
array points to the center of the said skin contacting wall. 

29. The on-wrist detecting device for noninvasive blood pressure measurement in claim 28, wherein 

the membrane fabricating the wrisMouching wall of the said pressure ballonet is light permeable at least 
at the part correspondent to the said sensor array. 

30. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

the said ballonet holding means is preferably a strap; the strap is made of considerably rigid and 
substantially resilient material, and shaped into a ring, the diameter of which is similar to that of the wrist, with 
an opening at the dorsal side of the wrist; the two ends of the opening should be connected by non-extensible 
means. 

31 . The on-wrist detecting device for noninvasive blood pressure measurement in claim 30, wherein 

the width of the said strap is preferably larger than diameter of the wrist, and the wrisMouching surface of 
strap fits well with the irregular surface of the wrist. 

32. The on-wrist detecting device for noninvasive blood pressure measurement in claim 30, wherein 

the said ballonet holding strap is integrated into a whole with ballonet by: providing a strap of certain 
thickness, then on the facet of the strap that's toward the wrist, making an oblate pit which is in the same 
diameter as of the ballonet and in a location corresponding to the ballonet; adhering airtight the edge of the 
inner ballonet wall that is made of substantially resilient membrane to the margin of the strap pit that's toward 
the wrist. 

33. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

the said holding means is preferably supplied with a wrist-holding bracket; the said bracket is a curved 
board made of material with high rigidity, whose length and width covers at least the dorsal side of the hand, 
the dorsal side of the wrist, and the dorsal side of the forearm close to the elbow joint; its shape should keep 
an angle of 100 - 175° between the dorsal side of the wrist and the dorsal side of the lower part of palm, and 
synchronously keep the wrist relative to the forearm an a turning angle of 30 - 1 00° towards the medial side of 
body; also, it's preferably to form a deflecting angle of 1 0 -40° towards the little finger from the central line of 
the lower part of palm relative to the central line of the volar side of the wrist. 

34. The on-wrist detecting device for noninvasive blood pressure measurement in claim 33, wherein 

the said wrist-holding bracket has bolstered thickness at the connecting part of the dorsal side of the 
wrist and the dorsal side of the lower part of palm, so that the diametric gap between the wrist-palm joint and 
the section near the forearm is filled up, and the irregular surface at the dorsal side of the wrist-palm joint 
caused by lower part of palm's bending backwards is smoothed up into a regular cylinder. 

35. The on-wrist detecting device for noninvasive blood pressure measurement in claim 33, wherein 

the said wrist-holding bracket has an internal surface fitting in with the irregularity of the dorsal side of the 
wrist. 

36. The on-wrist detecting device for noninvasive blood pressure measurement in claim 33, wherein 
the said wrist-holding bracket is supplied with holding means for fastening both arm and hand. 
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37. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

the said pressure ballonet and artery pulse sensor can be placed on the skin over both radial artery and 
ulnar artery, and the pressing and the pulse detecting action for pressure ballonet and artery pulse sensor on 
either radial or ulnar artery can be alternately implemented through switching means. 

38. The on-wrist detecting device for noninvasive blood pressure measurement in claim 37, wherein 

the said pulse sensors for ulnar artery are preferably at least three adjacent photoelectric components in 
a line vertical to ulnar artery, and the said photoelectric components are shunt-wound and output a channel of 
ulnar artery pulse signal. 

39. The on-wrist detecting device for noninvasive blood pressure measurement in claim 24, wherein 

when measuring the blood pressure with the said on-wrist device, the pressure sensor connected to the 
pressure ballonet is combined with the ballonet holding strap into a whole. 

40. A pulse signal processing device applying the on-wrist detecting device for noninvasive blood pressure 
measurement in any one of claim 24-39, wherein 

the said device comprises at least one on-wrist detecting device, and the said on-wrist detecting device 
comprises at least one radial arterial pulse sensor array; a plurality of the radial arterial pulse signals is 
outputted from the said pulse sensor array, processed with amplification and filter, and eventually passed on 
to the optimal pulse signal selecting device. 

41 . The pulse signal processing device for noninvasive blood pressure measurement in claim 40, wherein 
the said optimal pulse signal selecting device will analyze the signals of the pulse sensor array row by 

row (with arrays in parallel with the radial artery) and select the sensor row which possesses the highest 
pulsation when the maximum amplitude is reached; to select the optimal point from all the points of the 
pre-selected row, select the sensor point which has the maximum amplitude as the ballonet pressure runs up, 
but almost has the pulsation disappearing and be constant as the ballonet pressure runs up higher than the 
maximum pulsation, and the ballonet pressure corresponding to the maximum amplitude and the 
disappearing point of the pulse signal being the lowest among all the pre-selected points; the pulse signal 
detected at the optimal point is deemed as the optimal pulse signal. 

42. The pulse signal processing device for noninvasive blood pressure measurement in claim 40 or 41, 
wherein 

once the said optimal pulse signal is selected, an optimal pulse signal position display device is under 
control so that the specific position of pulse sensor array corresponding to the optimal pulse signal is visually 
displayed. 

43. The pulse signal processing device for noninvasive blood pressure measurement in claim 40 or 41 , 
wherein 

a pulse sensor position alarming device is set such that an alarming signal would be given should the 
pulse sensor detecting the optimal pulse signal shift away from the center of the pulse sensor array. 

44. The pulse signal processing device for noninvasive blood pressure measurement in claim 40, wherein 
the said optimal pulse signal selecting device, the said optimal pulse signal position display device, and 

the said pulse sensor position alarming device can be combined with on-wrist detecting device into a whole. 

45. A noninvasive blood pressure measurement device applying the said pulse signal processing device in 
any one of claim 40 -44, wherein 

the said device comprises at least one on-wrist detecting device defined above, and the on-wrist 
detecting device comprises at least one radial artery pressure ballonet and one radial artery pulse sensor 
array; the said pulse sensor array outputs a plurality of the radial arterial pulse signals, which are selected by 
the optimal pulse signal selecting device until a channel of optimal pulse signal is obtained. The said radial 
arterial pressure ballonet is connected to the pressure output of the voltage/pressure converter of the 
pressure supplying and measuring system and the pressure input of the pressure sensor, while the optimal 
radial artery pulse signal that the optimal pulse signal selecting device outputs is connected to the signal input 
of the pulse amplitude detecting device of the pressure supplying and measuring system. 
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46. The noninvasive blood pressure measurement device in claim 45, wherein 

the said pressure supplying and measuring system can be used for intermittently measuring the mean 
blood pressure, systolic blood pressure and diastolic blood pressure of radial artery based on volume 
oscillation method. 

47. The noninvasive blood pressure measurement device in claim 45, wherein 

the said pressure supplying and measuring system can be used for continuously measuring the blood 
pressure waveform of the radial artery based on volume compensation method. 

48. The noninvasive blood pressure measurement device in claim 45, wherein 

a switching device can be used for the said pressure supplying and measuring system to intermittently 
measure the mean blood pressure, systolic blood pressure and diastolic blood pressure of radial artery based 
on volume oscillation method, or to continuously measure the instantaneous blood pressure of the radial 
artery based on volume compensation method. 

49. The noninvasive blood pressure measurement device in any one of claim 45 -48, wherein 

the said on-wrist detecting device comprises two separate pressure ballonets, two separate arterial pulse 
sensors, and two separate pressure supplying and measuring systems, with a switching device to alternate 
between the intermittent or continuous measurement of blood pressure on either radial or ulnar artery. 

50. The noninvasive blood pressure measurement device in claim 49, wherein 

the said ulnar artery pulse sensor comprises several shunt-wound photoelectric components, and a 
channel of ulnar artery pulse signal output by them is amplified, filtered, and then directly passed on to the 
signal input of the pulse amplitude detecting device of the pressure supplying and measuring system for ulnar 
artery blood pressure. 

51 . The noninvasive blood pressure measurement device in claim 49, wherein 

most parts of the said two separate pressure supplying and measuring systems can be shared in both 
blood pressure measurement of radial artery and blood pressure measurement of ulnar artery, except for 
those used for pulse signal amplifying, wave filtering, optimal pulse signal selecting and pulse amplitude 
detecting. 

52. The noninvasive blood pressure measurement device in any one of claim 49- 51 , wherein 

one pressure supplying and measuring systems can be completely shared in both blood pressure 
measurement of radial artery and blood pressure measurement of ulnar artery; when measuring the blood 
pressure for either radial artery or ulnar artery, a switching device is used to alternatively connect the above 
pressure supplying and measuring systems to the pressure ballonet tubing of the corresponding artery and 
the signal output. 

53. The noninvasive blood pressure measurement device in claim 49 or 50, wherein 

it is preferred to set a calibrating device for calibrating the results of ulnar arterial blood pressure 
measurement with the results of radial arterial blood pressure measurement. 

54. The noninvasive blood pressure measurement device in claim 49, wherein 

the said optimal pulse selecting device, the optimal pulse signal position display device, the sensor 
position alarming device, and the pressure supplying and measuring system can be combined with the 
on-wrist detecting device into a whole. 

55. The noninvasive blood pressure measurement device in claim 49 or 54, wherein 

the said blood pressure measurement device can be combined with the blood pressure recording device 
into a whole. 

56. The noninvasive blood pressure measurement device in claim 49 or 54 or 55, wherein 

the said blood pressure measurement device can be combined with other physiological parameter 
detecting or recording devices into a whole. 

57. Any one of the noninvasive blood pressure measurement device in claim 49 or 54-56, wherein 
the said blood pressure measurement device can be connected to the communicating apparatus. 
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Specification 



TITLE: A METHOD AND A DEVICE FOR NONINVASIVE BLOOD PRESSURE MEASUREMENT 

This invention relates to a method and a device for noninvasive measurement of blood pressure, and in 
particular relates to a method and the corresponding device for intermittent measurement of arterial blood 
pressure on the basis of so-called volume oscillation method, as well as a method and the corresponding 
device for continuous measurement of arterial blood pressure on the basis of volume compensation method. 

The volume oscillation method (also called volume oscillometric method) is based on the principle that the 
blood vessel will have the highest flexibility (this state is called the "unloading state") when the extra-vascular 
pressure is equal to the mean blood pressure, and will be flattened when the extra-vascular pressure is higher 
than the intra-vascular systolic blood pressure. Since the intra-vascular blood pressure is periodically 
changing along with the heart beat all the time (during a heart-beating cycle, the highest pressure is called 
systolic blood pressure, the lowest pressure is called diastolic blood pressure, and the average of all pressure 
values over a heartbeat cycle is called the mean blood pressure), and in accord with the variation of blood 
pressure the diameter (or volume) of the artery is changing periodically and forming the arterial pulse, the 
pulsation will be at its maximum when the vascular wall has the most flexibility at the point the extra-vascular 
blood pressure equals the mean blood pressure; On the other hand, the pulsation will move down away when 
the blood vessel is flattened as a result of that the extra-vascular blood pressure runs higher than the systolic 
blood pressure. When measuring the blood pressure with volume oscillation method, at first, an air ballonet 
(or liquid ballonet) is secured on the skin outside of the artery to apply external pressure to the artery, and as 
well a photoelectric sensor is applied for measuring arterial pulsation. Secondly, the ballonet pressure which 
is set within a range between a lower limit less than mean blood pressure value and an upper limit more than 
systolic blood pressure value is enabled to make a linear or gradual increase/decrease by a rate of 3 
mmHg/sec. The variation of pulsation amplitude is measured during the term of ballonet pressure change. If 
the ballonet pressure can be transmitted accurately downward the central area of the ballonet through the soft 
tissues to the outer of the blood vessel and the pulse sensor will only detect the arterial pulse from these soft 
tissues, the ballonet pressure corresponding to the maximum amplitude and to the disappearing point of the 
amplitude will equal mean blood pressure and systolic blood pressure respectively. Therefore, the mean 
blood pressure and the systolic blood pressure can be measured with a pressure sensor to show the ballonet 
pressures at the above two points. Furthermore, the diastolic blood pressure can be obtained by figuring out 
an estimation algorithm (Diastolic Blood Pressure = (3 * Mean Blood Pressure - Systolic Blood Pressure) 12). 
This method can only measure blood pressure intermittently because each process of pressure 
increase/decrease for one cycle of measurement of the blood pressure needs a considerable amount of time. 
Compared to the traditional ways for noninvasive intermittent blood pressure measurements such as 
stethoscopy, palpation, rubefaction and supersonic, volume oscillation method is capable of obtaining mean 
blood pressure and eliminating subjectivity induced measuring errors; in addition, it is simple in structure and 
easy to operate. Furthermore, the volume oscillation method is advantageously able to make an accurate 
measurement on systolic blood pressure value instead of doing a statistical deduction as current clinic and 
family-popular means of pressure oscillation method (also called oscillometric method) do. 
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Volume compensation method (also called vascular unloading method) is based on the principle that the 
diameter of the blood vessel will not change with the wave of the blood pressure in the vessel (or will not 
pulsate), but will maintain at its unloading state when the pressure outside the vessel is equal to the internal 
blood pressure at any given time. This method includes an air ballonet (or liquid ballonet) that applies the 
external pressure to the artery and a photoelectric sensor to detect the arterial pulse, plus a feedback control 
system that uses the measured arterial pulse to control the pressure of the ballonet. When measuring the 
blood pressure continuously by using volume compensation method, at first, like the volume oscillation 
method, change the ballonet pressure in a certain range, and at the same time measure the change of pulse 
amplitude as the ballonet pressure change. When the ballonet pressure is equal to the mean intra-arterial 
pressure (that is, the vascular wall is the most flexible, and the amplitude of the pulse is the highest), the 
feedback control system is on and then performs magnification and phase compensation on the detected 
pulse waves. The pulse waves will be further used to control the ballonet pressure so that it will change 
accordingly with the pulse wave on the basis of the mean pressure. Once the extra-vascular pressure 
changes in the same pattern as the intra-vascular pressure does, both in shape and in amplitude (that is, the 
extra-vascular and intra-vascular forces find a dynamic balance), the diameter of the artery vessel does not 
change along with the waving of the intra-vascular pressure, but remains at an unloading state (that is, the 
pulse oscillation amplitude is near to zero). If a pressure sensor continuously measures the ballonet pressure 
now, the continuous measurement of the instantaneous blood pressure and its waves can be obtained at the 
same time. Characterized by its noninvasiveness, this method is easy to operate and does not cause pain, 
bleeding, infection, thrombosis, and other nervous injuries and related complications and sequelae that are 
otherwise commonly seen in traditional continuous blood pressure measuring means by using direct 
intra-arterial cannulation. Furthermore, compared to tension method (also called counterforce method) 
introduced in recent years, it has such advantages as no need to calibrate the results obtained from volume 
compensation method and measure results hardly subject to disturbance of body movement. 

The two methods mentioned above are not used on the upper arm where the blood pressure is normally 
measured for now, but on the finger to measure the blood pressure of the finger artery. This is mainly because 
the position of the brachial artery for the upper arm is very deep, so that external pressure must be applied to 
the upper arm all-round or almost all-round the arm to supply adequate external pressure to the brachial 
artery. Because of the excessive pressure, frequent use of the volume oscillation method for intermittent 
blood pressure measurement, or long-term use of the volume oscillation method for continuous blood 
pressure measurement will seriously affect the forearm and the entire hand in blood circulation and neural 
function. However, the position of the finger artery is shallow. It's convenient to implement photoelectric pulse 
detection. When measuring the finger blood pressure, the influence on the blood circulation and neural 
function of the finger, caused by the increased ballonet pressure, is less. Numerous clinical results have 
shown that the two above mentioned blood pressure measurement methods have another big problem if they 
are carried out on fingers, that is, because the finger artery is a part of distal arteriolar 'web', compared with 
the so-called "systemic blood pressure" (or the blood pressure of the aorta near the heart) that is clinically 
used for judging whether the patient's blood pressure is normal or not, blood pressure of finger is around 10 
mmHg lower under normal conditions. In case of arteriosclerosis, the gap can reach dozens of mmHg. More 
importantly, because there are more smooth muscles in the small artery vessel wall than in the aortal wall, the 
vessels are very easily intrigued by various factors (such as coldness, anesthesia, etc.) to produce either 
vasoconstriction or vasodilation. As a result, the blood pressure in the small artery fluctuates in a great range, 
and the blood pressure shown at finger artery cannot reflect the systemic blood pressure of the patient under 
many circumstances. In rare cases, the patient's functional circulation is very weak, so the finger artery can be 
somehow lacking in blood flow due to the extreme vasoconstriction. At this time the blood pressure cannot be 
measured at the finger. 



8 



In order to match the correct systemic blood pressure and not to affect the blood circulation of the distal ends 
involved in the measurement, it was recently proposed to apply the two methods on a substitute measuring 
site- the wrist and also modify the traditional all-round pressure ballonet to a lateral pressure ballonet pressing 
on only one of the two arteries (radial or ulnar) at the wrist. It is based on two points: 1) Radial or ulnar artery 
is much bigger in diameter than the finger artery, and the amount of smooth muscles in the vessel wall is less 
than that in the finger artery. As a result, the blood pressure there reaches closer to the systemic blood 
pressure than on the finger artery, and becomes more resistant to surrounding influences. In addition, even if 
the patient's functional circulation is very weak, the pulse can be normally detected from the radial artery or 
ulnar artery, making the measurement of the blood pressure possible. In particular, whereas the said features 
and the maneuverability of measuring on wrist arteries, the direct invasive blood pressure measurement, 
which has been deemed as a standardized commonsense tool in operating theatres and ICU all over the 
world, is making clinical staff get used to the blood pressure value read on the wrist being the most accurate 
and reliable blood pressure indication. So it is expected that even if it is obtained by substituting noninvasive 
methods for invasive ones, the clinical prevalence will come as long as it is from the wrist. 2) Normally, there 
are over two 'bigger' arteries and two 'bigger' veins on the wrist, of which two arteries (radial artery and ulnar 
artery) crisscross each other twice at two arches in the palm; and several veins meet in a vein 'web' at the 
back of hand. Due to the connection of these blood vessels, it is accepted that even if one artery and/or partial 
vein is blocked for long time, the other artery and most of the veins will still have blood fluency, thus the whole 
circulation of the hand will not be substantially affected. Therefore, it is possible to conduct frequent and 
continuous blood pressure measurement by applying the two methods on either radial or ulnar artery. 

Although related studies have shown that the mean blood pressure, systolic blood pressure, and the blood 
pressure wave can be separately and accurately measured by applying volume oscillation method and 
volume compensation method to the radial artery at the volar jut of the distal end of the radius, studies have 
also discovered that actually it is very difficult to measure accurate blood pressure on the wrist. This is mainly 
owing to the sensitivity of the blood pressure measurement precision to the position of photoelectric sensor. 
Even at a site very close to the volar jut of the distal end of the radius, different points will induce a great 
difference among the blood pressure values for a distance of only 2 mm or 3mm. In addition, the precision of 
the measurement is also affected by some external factors, for example, 1) the measured blood pressure will 
vary greatly when the wrist spins around the forearm axis or when the hand bends forwards or backward; 2) 
as the ballonet pressure increase, the ballonet might move forward or backward to the fingers, and/or move 
along or around the wrist. All these movements may change the inflation of the ballonet, and the movement 
around the wrist and along the long axis may also cause the photoelectric sensor to be displaced. The 
displacement of the photoelectric sensor will affect the measuring precision of volume oscillation method and 
volume compensation method, while the change of ballonet inflation may make the volume compensation 
method imprecise and even destroy the stability of feedback control system. In addition, the looseness of 
, ballonet that may be often seen in long^erm measurement may also affect the precision of volume 
compensation method and the stability of the feedback control system. On the other hand, these studies also 
reveal that the holding strap of ballonet could apply a considerable pressure to the wrist such that the 
downstream circulation and neural function might be greatly affected after a long^erm blood pressure 
measurement task. In particular, long-term continuous ballonet pressure might cause pain of the pressed 
area. 
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The goal of the invention is to provide a method and a device which can apply the principles of the volume 
oscillation method and the volume compensation method to the measurement of intermittent or continuous 
blood pressure at the radial and/or the ulnar artery in a simple and accurate way and without obvious 
influences resulted from external factors, while also effectively eliminating the impact against the blood 
circulation and neural function of the hand from long-term continuous measurement. 

To reach the said goal, the solution the current invention provides is as follows: 

1 . At least, the angle between the wrist and the lower part of palm is kept to the most applicable degree for 
measuring the blood pressure of the radial artery. In addition, it is preferred to keep the turning angle of the 
wrist relative to the forearm to the most applicable degree for measuring the radial arterial blood pressure. 
The two angles are optimally united to ensure that tendons and nerves beside the radial artery are depressed 
so that the artery is raised nearest to the radius and possibly pressed by the pressure ballonet in an effective 
way. When measuring the blood pressure repeatedly or continuously for a long time, in order to guarantee the 
said angle is right for on-wrist measurement, this invention also uses a wrist-holding bracket to maintain the 
turning of the wrist and the bending of the lower part of palm, so that relative to the radial artery the positions 
of the pressure ballonet and the pulse sensor, as well as the tendon, nerves, and radius inside of the wrist, 
stay the same during the measurement however the patient moves. 

2. For the purpose of locating an optimal site where the most accurate measurement can be conducted for 
the blood pressure of the radial artery, it is preferred to set a pulse sensor array on the center of the pressure 
area of the pressure ballonet that is placed on the skin over the radial artery of the wrist at the volar jut of the 
distal end of the radius. As the ballonet pressure increase/decrease, the pulse sensor array detects the pulse 
signals rounded up from the radial artery at different sites of the wrist, and then send it to a pulse signal 
optimization circuit. The pulse amplitude is higher for those obtained from the sensor-point nearer to the radial 
artery; On the other hand, for the signals detected at a site with better transfer of pressure, the mean blood 
pressure and systolic blood pressure shown in the pulse signals can be lower. Therefore, selection of the 
most pressure-transfeMriendly sensor-point over the radial artery comprises the steps of: analyze the signals 
of the array row by row (with arrays in parallel with the radial artery) and select the sensor row which 
possesses the highest pulsation when the maximum amplitude is reached; to select the optimal point from all 
the points of the pre-selected row, select the sensor point which has the maximum amplitude as the ballonet 
pressure runs up, but almost has the pulsation disappearing and be constant as the ballonet pressure runs up 
higher than the maximum pulsation, and the ballonet pressure corresponding to the maximum amplitude and 
the disappearing point of the pulse signal being the lowest among all the pre-selected points; the pulse signal 
detected at the optimal point is deemed as the optimal pulse signal. The optimal pulse signal to the 
noninvasive measurement of the radial artery blood pressure will be used in volume oscillation method or 
volume compensation method for radial arterial blood pressure measurement. To align the pressure ballonet 
center that has the most pressure power with the selected position that can precisely detect the radial arterial 
blood pressure, the position of the sensor in the sensor array that detects the optimal pulse signal is displayed 
in the most visual way, and then adjust the position of the ballonet according to the display so that the sensor 
detecting the optimal pulse signal is positioned at the center of the sensor array. When measuring the blood 
pressure for long time, to prevent the body movement of the examinee causing the shift of the measuring 
location, an automatic check is carried out to see if the optimal sensor position is at the center of the array. 
Should the sensor shift away from the center of the array, an alarming signal would be given so as to prompt 
the operator to readjust the position of the pressure ballonet. 

3. It is preferred to turn the lower part of palm towards the little finger to a small degree, so as to keep the 
palm bulges away from the volar jut at the radial end and not hamper the close contact of the holding strap 
with this wrist section when a large ballonet is applied. 
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4. To prevent the slippage of the entire pressure ballonet along the long axis of the wrist toward the lower 
part of palm when inflated and boost the stability of the ballonet strap, the diametric gap between the 
wrist-palm joint and the section near the forearm should be filled up. Also, the irregular surface at the dorsal 
side of the wrist-palm joint caused by lower part of palm's bending backwards should be smoothed up into a 
regular cylinder 

5. In order to decrease the pressure acting on the other parts of the wrist when the ballonet is being inflated, 
it is preferred to have the securing means (for both the ballonet and the wrist) bearing a large enough contact 
area with the wrist. 

6. In order to reduce the pain and numbness caused by long-term continuous pressure applied on the 
specific site, it is preferred to place two pressure ballonets separately on the radial and ulnar artery (one for 
each), so that the blood pressure can be measured alternately. As it is difficult to make accurate blood 
pressure measurement on the ulnar artery, the result of the radial artery blood pressure can be used as a 
standard to calibrate the result of the ulnar blood pressure measurement. That is, calculate the difference (Di) 
between the mean blood pressure measured from the radial artery (synchronously or in succession) and the 
ballonet pressure of ulnar artery corresponding to the maximum pulse amplitude of ulnar arterial pulse, and at 
the same time calculate the ratio (Pi) of the ulnar arterial pulse amplitude to the maximum amplitude of the 
ulnar arterial pulse when the ballonet pressure of ulnar artery is equal to the systolic blood pressure during the 
measurement; each time thereafter, the new mean blood pressure of ulnar artery can be obtained by 
subtracting Di from the ballonet pressure of ulnar artery corresponding to the maximum amplitude of the 
measured ulnar arterial pulse, while the new systolic blood pressure of ulnar artery can also be obtained by 
seeking the ballonet pressure corresponding to the point where the ratio of ulnar arterial pulse amplitude to its 
maximum amplitude is Pi, provided that the ballonet be lower than the new mean blood pressure. It is 
possible that the Di and Pi be changed due to the overmuch movement of examinee's wrist. So, Di and Pi 
value should be measured periodically for long-term measurement of blood pressure. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 : the general flow chart of the first embodiment of this invention; 

FIG. 2: the perspective view for the on-wrist detecting device of the first embodiment as shown in FIG. 1 ; 

FIG. 3: the cross-section for the on-wrist detecting device as shown in FIG. 2, with the section plane vertical to 
the wrist and central to the external pressure ballonet of the on-wrist detecting device; 

FIG. 4: the cross-section for the A-A section of the on-wrist detecting device as shown in FIG. 3, reflecting the 
arrangement of the arterial pulse sensor in the pressure ballonet; 

FIG. 5: the schematic illustration for the three angles between the wrist and the lower part of palm, formed by 
the wrist-holding bracket of the on-wrist detecting device as shown in FIG. 2; 

FIG. 6: the schematic illustration for the measurement method of the mean blood pressure and systolic blood 
pressure of the first embodiment as shown in FIG. 1 ; 

FIG. 7: the general flow chart of the second embodiment of this invention; 

FIG. 8: the schematic illustration for the measurement method of the blood pressure waveform of the second 
embodiment; 

FIG. 9: the general flow chart for the third embodiment of this invention; 

FIG. 10: the cross-section for the on-wrist detecting device in the fourth embodiment of this invention, with the 
section plane vertical to the wrist and central to the external pressure ballonet of the on-wrist detecting device. 
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EMBODIMENTS OF THE INVENTION: 



Embodiment 1 

The first embodiment of this invention is a method for noninvasive intermittent measurement of the blood 
pressure on the wrist with the volume oscillation method. 

First of all, the positioning method of this embodiment is shown in FIG 5. The angle between the wrist (18) 
and the lower part of palm (17) is kept to the most applicable degree for measuring the blood pressure of the 
radial artery, preferably at 100 - 175°; In addition, keep the turning angle of the wrist (18) relative to the 
forearm (19) to the most applicable degree for measuring the radial arterial blood pressure, preferably at 30 - 
100°. The two angles are optimally united to ensure that tendons and nerves beside the radial artery are 
depressed so that the artery is raised nearest to the radius and possible pressed by the pressure ballonet in 
an effective way. 

When measuring the blood pressure repeatedly or continuously for a long time, in order to guarantee the said 
angles are right for the on-wrist measurement, as shown in FIG 2, this invention can also use a wrist-holding 
bracket (6) to maintain the turning of the wrist (18) and the bending of the lower part of palm (17), so that 
relative to the radial artery the positions of the pressure ballonet (5) and the pulse sensor array, as well as the 
tendon, nerves, and radius inside of the wrist, stay the same during the measurement. 

After being positioned as above, the method of noninvasive blood pressure measurement of this embodiment, 
as shown in FIG. 1 and FIG. 6, comprises the steps of: 

A. At least set a pressure ballonet (3) and an arterial pulse sensor array (4) over the skin on the volar jut of 
the distal end of the wrist radius (7), and keep the position of the sensor array and the ballonet relatively 
unchanged to this site; 

B. Make control over the pressure of the ballonet (3), with a lower limit less than the expected average 
blood pressure of the examinee and an upper limit higher than the expected systolic blood pressure. When 
the pressure of the ballonet (3) is changing, no distorts except for the surface of the ballonet (3) adjacent to 
the wrist should occur too (without circumferential tension), and no displacement should occur. 

C. As the ballonet (3) pressure increase/decrease, the pulse sensor array (4) detects the pulse signals 
rounded up from the radial artery at different sites of the wrist, and then send it to a pulse signal optimization 
circuit (28). The pulse amplitude is higher for those obtained from the sensor-point nearer to the radial artery; 
On the other hand, for the signals detected at a site with better transfer of pressure, the mean blood pressure 
and systolic blood pressure shown in the pulse signals can be lower. Therefore, selection of the most 
pressure^ransfeMriendly sensor-point over the radial artery (7) comprises the steps of: analyze the signals of 
the array row by row (with arrays in parallel with the radial artery) and select the sensor row which possesses 
the highest pulsation when the maximum amplitude is reached; to select the optimal point from all the points 
of the pre-selected row, choose the sensor point which has the maximum amplitude as the ballonet pressure 
runs up, but almost has the pulsation disappearing and be constant as the ballonet pressure runs up higher 
than the maximum pulsation (FIG. 6), and the ballonet pressure corresponding to the maximum amplitude and 
the disappearing point of the pulse signal being the lowest among all the pre-selected points; the pulse signal 
detected at the optimal point is deemed as the optimal pulse signal. 

D. Applying the selected optimal pulse signal to the noninvasive measurement of the radial artery blood 
pressure. In this embodiment, the optimal pulse signal is applied to the noninvasive measurement of the 
mean blood pressure and the systolic blood pressure with the volume oscillation method. 
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In this embodiment, the arterial pulse sensor array (4) is preferably positioned at the center of the pressure area 
of the pressure ballonet (3). Thus, when the sensor detecting the optimal pulse signal at the optimal 
pressure-transfer site is positioned at the center of the said sensor array (4), the central point of the pressure 
area of the pressure ballonet (3) that has the most pressure power is accurately aligned with the most 
pressure-transfer-friendly point. 

Once the optimal pulse signal is selected, the position of the corresponding sensor in the sensor array is 
visually displayed, and the position of the ballonet (3) is adjusted according to the display, so that the optimal 
site is positioned at the center of the array (4), and the central point of the pressure area of the pressure 
ballonet (3) that has the most pressure power is at the most pressure^ransfer-friendly point. 

When this embodiment is applied to a long^erm blood pressure measurement, an automatic check is carried 
out to see if the optimal sensor position is at the center of the array (4). Should the sensor shift away from the 
center of the array, an alarming signal would be given so as to prompt the operator to readjust the position of 
the pressure ballonet (3). 

In this embodiment, the arterial pulse sensor array (4) is secured on the inner surface of the ballonet (facing 
the wrist), so as to be able to get the pulse signal directly from artery (7) while not influence the even 
distribution of ballonet pressure over the wrist surface. 

While measuring the arterial blood pressure, it is preferred to turn the lower part of palm (17) toward the little 
finger forming a deflecting angle of 10-40° from the central line of the lower part of palm relative to the central 
line of the volar side of the wrist (18), such that the palm bulge (20) below the thumb does not hamper the 
close contact of ballonet (3) holding strap to the wrist (FIG. 5b). 

To prevent the slippage of the entire pressure ballonet (3) along the long axis of the wrist toward the lower part 
of palm when inflated and boost the stability of the ballonet strap, the diametric gap between the wrist (18) - 
palm (17) joint and the section near the forearm (19) is filled up in this embodiment. Also, the irregular surface 
at the dorsal side of the wrist-palm joint caused by lower part of palm (17)'s bending backwards is smoothed 
up into a regular cylinder. 

In order to decrease the pressure acting on the other parts of the wrist (1 8) when the ballonet (3) is being 
inflated, it is preferred to have the securing means (for both the securing means (5) of ballonet (3) and the 
securing means (6) of the wrist) bearing a large enough contact area with the wrist. 

As shown in FIG.1 , the device based on the said method in this embodiment comprises three parts: Part I is a 
on-wrist detecting device (0) for applying external pressure and detecting the pulse of radial artery (7); Part II 
is a pulse signal processing device (1) for selecting the optimal pulse signal transferred from on-wrist 
detecting device (0); Part III is a pressure supplying and measuring system (2) to feed pressure to ballonet (3) 
and measure both the ballonet pressure and the radial arterial pulsation for the purpose of measuring the 
radial arterial blood pressure. 

Part I, the on-wrist detecting device (0), is described as follows. As shown in FIG. 2 and FIG. 3, in this 
embodiment, the measurement of blood pressure of the radial artery (7) is realized when the external 
pressure to the radial artery is applied and the radial arterial pulse in wrist is detected. The on-wrist detecting 
device (0) comprises the following four parts: the pressure ballonet (3), the arterial pulse sensor (4), the 
ballonet holding strap (5), and the wrist-holding bracket (6). 
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As shown in FIG. 2 and FIG. 3, the radial artery pressure ballonet (3) of this embodiment is an oblate ballonet. 
In order to ensure that the ballonet pressure can sufficiently reach the depth of the radial artery (7), ballonet (3) 
should be positioned until its center is aligned with the radial artery (7) on the volar jut of the distal end of the 
radius (8); On the other hand, the diameter of the ballonet (3) should be large enough, although excessively 
large diameter will press the ulnar artery (9) and other veins. So, this diameter can be 1/3 - 3/5 of the wrist 
diameter (e.g. 30 mm or so for adult). In addition, in order for ballonet (3) not to produce circumferential 
tension on the inner surface but to press the radial artery (7) effectively, the inner surface (10) of the ballonet 
(3) (wrisMouching) is made of transparent, resilient membrane (10), with an arching out toward the wrist; the 
lateral and air-exposing top parts of the ballonet (3) wall are made of considerably rigid material. 

The radial arterial pulse sensor (4) is an array of reflective photoelectric sensors. There are complicated 
heterogeneous structures inside the wrist, as shown in FIG. 3. In the surroundings of the radial artery (7), 
there is radius (8) beneath it, as well as supporting^issue-based tendons (11) and nerves (12) by both sides. 
These tendons and nerves may have substantially high rigidity and hamper the pressure transmission. In 
accordance with the mechanical principle, it is hypothesized that the ideal site for transferring the ballonet 
pressure effectively to the radial artery (7) and for measuring the blood pressure of the radial artery (7) 
accurately is the point nearest to the skin and the radius (8), but furthest from the tendons (11) and nerves 
(12). However, in a real wrist (see FIG. 1, FIG. 3), the depth and position of the radial artery (7) itself, as well 
as the shape and position of the tendons (11) and radius (8), is varying as the direction of the wrist axis 
changes. Especially, the volar jut of the distal end of the radius (8) is irregular in cross-section view and 
different from person to person. Obviously, for the purpose of locating an ideal point for accurate radial arterial 
blood pressure measurement, it is necessary to use sensors array (4) to make multi-site detections followed 
by analysis and comparison. In order to fix the sensors (4) together with the pressure ballonet (3) onto the 
wrist, and not to influence the even distribution of ballonet pressure (10) over the wrist surface, sensor array 4 
is mounted inside the ballonet (3). As shown in FIG. 4, in this embodiment, the sensor array 4 consists of ten 
infrared light emitting diodes (13) and fifteen phototransistors (14), among which the fifteen phototransistors 
(14) form a rectangle array. This array has three rows of phototransistors in parallel of the radial artery (7), and 
each row consists of five phototransistors. There is space between either the columns or the rows. The ten 
infrared light emitting diodes (13) are arranged around the rectangular array, with good clearance. These 
emitting diodes (13) and phototransistors (14) are secured on the inner surface of the semRransparent 
membrane- fabricated inner wall (10) of the said ballonet (3). When fixing, the light emitting surface of the 
emitting diodes (13) and the light receiving surface of the phototransistors (14) should face the inside of the 
inner membrane wall (10), and the center of the phototransistor array should aim to the center of the inner 
membrane wall (10). In addition, in order to ensure the phototransistors (14) not to absorb the light from both 
the light emitting diodes (13) and the environment, a layer of shading sheet (15) with good extensibility (for 
instance, black sponge sheet) is glued between the light emitting diodes (13) and the phototransistor array, as 
well as on the circumference of the whole phototransistor array. When detecting the pulse of the radial artery 
(7) with this phototransistor, the infrared light is emitted by the ten light-emitting diodes (13) from ten different 
sites, passing the inner semRransparent membrane wall (10) into the wrist. As the blood pressure changes 
periodically, radial artery (7) changes its volume, and this make the light reflection in the phototransistors (14) 
alter its intensity accordingly. As a result, the output current of the phototransistors (14) varies. In such a way, 
the fifteen phototransistors (14) will transfer the volumetric changes of radial artery (7) at fifteen points 
separately into fifteen channels of electric signal output. 
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Ballonet holding strap (5) is used to fix the pressure ballonet (3) with the pulse sensor (4) inside to the wrist 
above. In fact, to simplify the structure, this embodiment integrates the ballonet (3) and the holding strap (5) 
into one on-wrist detecting device. This is done by steps of: use a strap of certain thickness and rigidity to 
make an oblate pit which is diametrically the same as the ballonet (3) at the site facing the wrist 
(corresponding to ballonet); adhere the edge of the inner ballonet wall (10) made of membrane to the margin 
of the pit of strap (5) towards the wrist. The inner wall (10) made of membrane is integrated with the 
considerably rigid pit of the strap (5) into the said ballonet (3). In order for the outer wall of the ballonet not to 
move towards the finger ends during ballonet inflation, the strap (5) should be made from substantially 
non-extensible material, so it is with the buckle-up accessories. In this embodiment, the two ends of the strap 
(5) are secured to the wrist-holding bracket (6) through nylon buckle (16). Meanwhile, to prevent the 
circumferential movement of ballonet (3) during the ballonet inflation, the strap (5) should be considerably 
rigid in full length (at least between the dorsal side of the radius (8) and the volar side of the ulnar, if the 
ballonet is seen as center). This circumferential movement of the ballonet is owing to the elliptical shape of 
wrist in cross-section view, while the ballonet (3) applying pressure to radial artery (7) is a partially pressed 
one, which is placed exactly on the connection of the two different arcs. The tension in 
ballonet-inflation-induced strap (5) will certainly create an imbalance between the two sides of the ballonet, so 
as to cause the circumferential movement of the ballonet (3). The movement again causes the shape change 
of the strap (5), so good rigidity could resist such movement. In addition, the strap (5) should possess 
appreciable elasticity so that when the diameter of the wrist is reduced due to long-term, continuous pressure, 
its resilient capability can still enable the ballonet (3) to wrap tightly onto the wrist without any movement. On 
the other hand, in order to ensure the radial artery (7) is sufficiently pressured by the ballonet (3) only, and to 
decrease the pressure of strap (5) acting on the other parts of the wrist at most, it is preferred to have the 
strap (5) bearing an enough large contacting area with the wrist. So the strap (5) should be as wide as 
possible (preferably more than 50 mm for adults), and fit well in with the irregularity of the wrist (18) and the 
lower part of the palm (17). 

The wrisHiolding bracket (6) is a curved board made of highly rigid material. Its length and width should cover 
the entire dorsal side of the hand, the entire dorsal side of the wrist and the entire dorsal side of the forearm. 
The wrist-holding bracket (6) has three functions. The first function is to keep the angle between the wrist (18) 
and the lower part of palm (17) and the angle between the wrist (18) and the forearm (19) to the most 
applicable posture for measuring the blood pressure of the radial artery. At the same time, it limits the turning 
of the wrist (18) and the bending of the lower part of palm (17) such that relative to the radial artery (7), the 
position of the pressure ballonet (3) and the pulse sensor (4), as well as the tendon (11), nerves (12), and 
radius (8) inside the wrist stays the same during the movement. As shown in FIG. 5(a) and FIG. 5(c), the 
shape of the wrist-holding bracket (6) should make the angle between the dorsal side of the wrist (18) and the 
dorsal side of the hand (17) be 100 - 175°, and make the turning angle of the wrist (18) relative to the forearm 
(19) be 30 - 100° towards the medial side of body. The two angles are optimally united to ensure that tendons 
(11) and nerves (12) beside the radial artery (7) are depressed so that the artery (7) is raised nearest to the 
radius (8) and possible to be pressed by the pressure ballonet (3) in an effective way. Furthermore, the 
holding bracket also makes the deflecting angle of the central line of the hand (17) relative to the central line 
of the volar side of the wrist (18) be at 10-40° towards the little finger, as shown in FIG 5b. In such, the hand 
bulge (20) below the thumb can move away from the volar jut of the radial distal end, so that the holding strap 
(5) for big ballonet can closely hold the wrist. The second function of the wrist-holding bracket (6) is to improve 
the ballonet holding stability of the strap (5). Considering that the entire ballonet (3) may slip axially along the 
wrist (18) towards the lower part of palm (17) by a partial force produced during the ballonet inflation in that 
the middle part of the forearm (19) is diametrically bigger than the wrist joint (17), a gradual increase of 
thickness is carried out on some parts of the bracket (6) corresponding to the connecting section between the 
dorsal side of hand (17) and the dorsal side of the wrist (18), so as to eliminate the gap of diameters between 
wrist joint (18) and the section near to the forearm (19). In addition, this increase can also boost the strength 
for holding the lower part of palm (17). Moreover, regarding that the wrist (18)-palm (17) joint will have an 
irregular surface at the dorsal side when it is bent backward, a make-up on the device is done again to obtain 
a regular cylinder shape. The third function of the wrist-holding bracket (6) is to disperse the pressure of the 
ballonet holding strap (5) on the dorsal side of the wrist. 
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For this reason, the inside of the wrist-holding bracket (6) should be shaped to match well with the irregular 
shape of the dorsal side of the wrist (18) (and it is preferred to get several kinds of bracket ready for different 
shapes and widths of the wrist). Also, in order not to discomfort the examinee with the excessively rigid 
bracket (6), a soft thin-layer cushion (21) could be adhered to the inner side of the bracket (6). In addition, 
several small laces (22) with nylon buckle endings are fastened onto the wrist-holding bracket (6) to keep the 
examinee's lower part of palm (17), the wrist (18), and the forearm (19) secured onto the wrist-holding 
bracket. 

The principle of the device for noninvasive intermittent measurement of the radial artery blood pressure in this 
embodiment is: 

As shown in FIG. 1 , the fifteen outputs of the pulse sensor array (4) of the on-wrist detecting device (0) are 
connected individually with the fifteen inputs of the multi-channels of amplifier and filter (23) of the pulse signal 
processing device (1). At the same time, the tubing of the radial arterial pressure ballonet (3) is connected to 
the pressure output of the voltage/pressure converter (24) of the pressure supplying and measuring system (2) 
and the pressure input of the pressure sensor (25), which is connected to the pressure signal amplifier (26). 

When setting up the on-wrist detecting device, the lower part of palm (17), the wrist (18) and the forearm (19) 
of the examinee are secured with the wrist-holding bracket (6) of the on-wrist detecting device (0). The center 
of the ballonet (3) of the on-wrist detecting device (0) is positioned directly to the radial artery (7) sitting on the 
volar jut of the distal end of the radius, and the ballonet holding strap (4) is enwound around the wrist (18). 
Lastly, the holding strap is secured to the wrist-holding bracket (6) by buckling up nylon buckles (16) at its two 
ends. 

At the beginning of the blood pressure measurement, the ballonet pressure setting circuit (27) in the pressure 
supplying and measuring system (2) starts to adjust the input voltage of the voltage/pressure converter (24) 
automatically, so that the ballonet (3) in the on-wrist detecting device (0) is inflated to apply external pressure 
to the radial artery (7). Meanwhile, the pulse sensor array (4) of the on-wrist detecting device (0) measures 
the radial arterial pulse signals gathered from 15 sites, feeds them to the pulse signal processing device (1) 
for amplification and filter, and eventually passes them onto the optimal pulse signal selecting circuit (28). Due 
to the varying position, the pulse signals rounded up from the radial artery at the fifteen sites have different 
amplitude and shape of the envelop, and some of them may not have maximum point and disappearing point. 
Obviously, the pulse amplitude is larger if it is obtained from the sensor-point nearer to the radial artery; On 
the other hand, if detected at a site with better transfer of pressure, the mean blood pressure and systolic 
blood pressure shown in pulse signals can reach lower, therefore better for the accurate blood pressure 
measurement. So, selection of the most pressure^ransfeNriendly sensor-point comprises the steps of: 
analyze the signals of the array row by row (with arrays in parallel with the radial artery) and select the sensor 
row which possesses the highest pulsation when the maximum amplitude is reached; to select the optimal 
point from all the points of the pre-selected row, choose the sensor point which has the maximum amplitude 
as the ballonet pressure runs up, but almost has the pulsation disappearing and be constant as the ballonet 
pressure runs up higher than the maximum pulsation, and the ballonet pressure corresponding to the 
maximum amplitude and the disappearing point of the pulse signal being the lowest among all the 
pre-selected points; the pulse signal detected at the optimal point is deemed as the optimal pulse signal. 
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The selected optimal pulse signal is fed to a circuit (29) for detecting pulse amplitude maximum point and the 
disappearance point. According to the principles of the volume oscillation method (FIG. 6), the ballonet 
pressures corresponding to the maximum point and the disappearance point equal the mean blood pressure 
and the systolic blood pressure of the artery respectively. Therefore, when the maximum point and the 
disappearance point are found by the amplitude detecting circuit (29), a control signal is given so that the 
ballonet pressure at the said two points are outputted by the pressure output circuit (30); thus, the mean blood 
pressure and the systolic pressure are obtained. Then, the diastolic blood pressure can be calculated through 
the diastolic blood pressure formula (31): (Diastolic Blood Pressure = (3 * Mean Blood Pressure - Systolic 
Blood Pressure) 12). 

On the other hand, for the convenience of positioning, the selected optimal pulse signal is also used to display 
the best sensor location. The display can visually indicate the exact position of the sensor that owns the 
optimal pulse signal in the sensor array (e.g., give a drawing of the sensor array). When setting up the 
ballonet (3), the position of the ballonet (3) is adjusted according to the display, so that the sensor detecting 
the optimal pulse signal is positioned at the center of the sensor array. In this embodiment, there is also a 
pulse sensor position alarming circuit (38). When setting up the ballonet or during long-term measurement of 
the blood pressure, if the examinee's wrist turns violently (even though the wrist-holding bracket (6) can 
constrict the turning of the wrist (18) relative to the forearm (19), the wrist can still turn to a certain extent) 
such that the sensor is too far away from the center of the sensor array, the sensor position alarming circuit 
(38) will give alarming signal to prompt the operator to readjust the position of the pressure ballonet (3). Since 
the optimal pulse signal is selected for each run of the measurement, it is assured that the measurement is 
carried out at the optimal site for each time. 

This embodiment is especially suitable for long-term clinic or family monitoring of blood pressure for the 
patient when his/her blood pressure has comparably mild changes (for example, after surgery or when 
recovering from treatment). 



Embodiment 2 

The second embodiment of this invention is a method and a device for noninvasive continuous measurement 
of radial artery blood pressure on the wrist based on volume compensation method. As shown in FIG. 7, the 
wrist positioning method and the measuring method in this embodiment is the same as that in the first 
embodiment. The main difference is that the selected optimal pulse signal is used in volume compensation 
method for noninvasive continuous measurement of the radial artery blood pressure waveform. As volume 
compensation method is a known technology, its operating process will be described in details hereinafter. 

The device for this embodiment is shown in FIG. 7. The on-wrist detecting device (0) and pulse signal 
processing device (1) can be the same as in the first embodiment. The wrist-holding bracket and ballonet 
holding strap is also the same as in the first embodiment, so the description is not repeated herein. In this 
embodiment, the main difference from the first embodiment is that the output of the optimal pulse signal 
selecting circuit (28) of the pressure supplying and measuring system (32) is not used to control the pressure 
output circuit (30) to read the pressure of the ballonet (3), but is connected to the input of the voltage/pressure 
converter (24) to form a close-loop feedback control system and control the pressure change of the ballonet 
(3). 
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Before continuously measuring the blood pressure with this method and device, the pressure supplying and 
measuring system (32) turns the working state switch (33) to the "openHoop" state for the purpose of 
searching and recording the volumetric value of the radial artery (7) at its unloading state. As shown in FIG. 8, 
under the openHoop working state, like volume oscillation method, the ballonet pressure setting circuit (27) 
automatically adjusts the voltage fed to the voltage/pressure converter (24), so that the ballonet (3) in the 
on-wrist detecting device (0) will exert external pressure on radial artery (7). At the same time, the pulse 
signals of the radial artery (7) are detected by the pulse sensor array (4) in the on-wrist detecting device (0) 
from fifteen sites, and then fed to the optimal pulse signal selecting circuit (28) after amplification and filter. 
The selected optimal pulse signal is fed to the maximum amplitude detecting circuit (34). When the amplitude 
maximum point is found, that is, the radial artery (7) is pulsating in accord with the periodical change of the 
arterial blood pressure in an unloading state, the system has the ballonet pressure setting circuit (27) stop 
adjusting the pressure of the ballonet (3), and enable the unloading volume memorizing circuit (35) to 
memorize the average of the radial artery pulse waveform (D.C. component of the pulse signal) as the 
unloading volume (Vo) of examinee's radial artery. 

Then, the pressure supplying and measuring system (32) automatically turns the working state switch (33) to 
the "close-loop" state. A comparing circuit (36) comes out to make a subtraction of the 
unloading-volume-based pulse signal which is detected by the pulse sensor from the unloading volume (Vo) 
memorized by the unloading volume memorizing circuit (35), and the servo amplifier (37) increases its gain 
gradually at the same time. Next, the subtracted difference (i.e. the pulsation in the radial artery pulse 
waveform) is amplified and phase compensated, and fed to the voltage/pressure converter (24) to control the 
pressure of ballonet (3) to further exert external pressure on radial artery (7) that have the same waveform as 
that of the arterial blood pressure. As a result, the amplitude of the radial arterial pulse is reduced, as shown in 
the beginning section of the close-loop state in FIG. 8 (to view easily, the waves in the close-loop state are 
extended along the time axis). Obviously, when the gain of the servo amplifier (37) is adjusted until the 
ballonet pressure on the radial artery (7) is completely the same as the blood pressure waveform of the radial 
artery in both shape and amplitude, i.e. when the force on either side of the wall of the radial artery (7) 
reaches a dynamic balance, as shown in the ending section of the close-loop state in FIG. 8, the wall of the 
radial artery (7) will not pulsate upon the periodical change of the blood pressure, and the blood vessel 
volume will maintain the unloading volume (Vo). Therefore, under the closeHoop working state, as the gain of 
the servo amplifier (37) gradually increases, the system will reach a point that the pulse amplitude of the radial 
artery (7) becomes close to zero. After this point, the pressure in the pressure ballonet (3) will equal the blood 
pressure of the radial artery (7) at any time. Thus, the noninvasive continuous measurement of the radial 
artery blood pressure waveform is realized by continuously measuring the pressure of the pressure ballonet 
(3) with a pressure sensor (25) that is connected to the pressure ballonet (3). 

This embodiment is especially suitable for the continuous clinical monitoring of patients that have sharp blood 
pressure changes (for example, patients under anesthesia, surgery, or intensive care). 

Embodiment 3 

This embodiment is a method and a device for both intermittent and continuous measurement of the blood 
pressure waveform on the radial artery of wrist, as shown in FIG. 9. In this embodiment, the wrist positioning 
method and the optimal pulse signal selecting method is the same as that in the first embodiment. Their main 
difference is that the selected optimal pulse signals are used alternatively by the volume oscillation method for 
noninvasive measurement of the mean and systolic blood pressure and by the volume compensation method 
for noninvasive measurement of the continuous blood pressure waveform. 
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The device of this embodiment also comprises an on-wrist detecting device and a pressure supplying and 
measuring system. Most parts of the on-wrist detecting device and the pressure supplying and measuring 
system are the same as the above two embodiments. The difference lies in: as shown in FIG. 9, in order to 
make both intermittent and continuous measurements of the blood pressure waveform, the pressure 
supplying and measuring system (part 29, 30, and 31 for controlling the reading of the ballonet pressure in 
FIG. 1) of the first embodiment and the feedback control system (part 34, 35, 36, and 37 for controlling the 
change of ballonet pressure in FIG. 7) of the second embodiment are alternatively working through an 
"intermittent measurement-continuous measurement" switching device (39). Since this kind of switching 
device is very simple, related description is not detailed herein. 

For long^erm clinic and family monitoring of the blood pressure for patients whose blood pressure changes 
are either mild or sharp, this embodiment can make it possible to choose the measuring intervals according to 
the patient's conditions in a range freely from zero to infinity. 



Embodiment 4 

The fourth embodiment of this invention is to make the intermittent and/or continuous measurement of the 
blood pressure alternately on radial artery (7) and ulnar artery (9). The wrist positioning method and optimal 
pulse signal selecting method is the same as that in the above three embodiments. The main difference is that 
there are two pressure ballonets, i.e. ballonet (3) and ballonet (3'), which are placed separately on radial 
artery (7) and ulnar artery (9) to measure blood pressure alternately. 

In this embodiment, the pulse sensor set inside the arterial pressure ballonet (3) uses the same photoelectric 
sensor array (4) as in the above embodiments. However, the pulse sensors for ulnar pressure ballonet (3') 
can only be the shunt-wound photoelectric sensors, and it is preferred to place at least two photoelectric 
sensors on the circumference of wrist within the pressing scope of ulnar pressure ballonet (3'). 

In this embodiment, it is necessary to use the result of radial artery blood pressure measurement as a 
standard to calibrate the result of the ulnar blood pressure measurement on the ulnar artery. That is, calculate 
the difference (Di) between the mean blood pressure measured from the radial artery (7) and the ballonet 
pressure of ulnar artery (9) corresponding to the maximum pulse amplitude of ulnar arterial pulse, and at the 
same time calculate the ratio (Pi) of the ulnar arterial pulse amplitude to the maximum amplitude of the ulnar 
arterial pulse when the ballonet pressure of ulnar artery (9) is equal to the systolic blood pressure measured 
from the radial artery (7); each time thereafter, the new mean blood pressure of ulnar artery (9) can be 
obtained by subtracting Di from the ballonet pressure of ulnar artery corresponding to the maximum amplitude 
of measured ulnar arterial pulse, while the new systolic blood pressure of ulnar artery can also be obtained by 
seeking the ballonet pressure corresponding to the point where the ratio of ulnar arterial pulse amplitude to its 
maximum amplitude is Pi, provided that the ballonet be lower than the new mean blood pressure. 

When using the result of radial artery (7) blood pressure measurement as a standard to calibrate the result of 
the ulnar artery (9) blood pressure measurement, the two pressure ballonets (3 & 3') can be connected by 
tubing, and then use volume oscillation method to measure radial artery blood pressure and ulnar artery blood 
pressure at the same time. 

Or, when using the result of radial artery (7) blood pressure measurement as a standard to calibrate the result 
of the ulnar artery (9) blood pressure measurement, blood pressure measurement on radial artery (7) and 
ulnar artery (9) can be carried out in succession. 
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During the long-term continuous measurement of blood pressure through the method of this embodiment, Di 
and Pi values should be automatically re-calculated on the basis of the calibrating method mentioned above. 

To implement the method of this embodiment, the device used in the embodiment also comprises a on-wrist 
detecting device (0) which basically is the same as in the first embodiment. However, as shown in FIG. 10, 
another pressure ballonet (3') to press the ulnar artery is placed opposite to the existing radial artery pressure 
ballonet (3) on the ballonet holding strap (5), and also a pulse sensor for detecting the ulnar artery pulse is set 
inside the ballonet (3'). Also, it can use either of the two independent pressure supplying and measuring 
systems used in the above three embodiments, and use the switching device to alternate between the 
intermittent or continuous measurement of blood pressure on either radial or ulnar artery. 

In this embodiment, the radial artery pressure ballonet and the radial arterial pulse sensor should have the 
same structure as that used in the first embodiment, so as to make accurate measurement on the blood 
pressure of the radial artery like the first embodiment. Ulnar artery pressure ballonet (3 1 ) can be the same 
structure as in the first embodiment, but the ulnar arterial pulse sensor does not need to use a photoelectric 
sensor array as complicated as used in the radial arterial pulse sensor. The reason is that the ulnar artery (9) 
is located deeper, and there exist tendons (11) between the skin and the ulnar artery, it is not easy to receive 
the full pressure of the ballonet (as shown in FIG. 3). As a result, it is hard to make accurate measurement on 
the ulnar artery blood pressure at any point beyond the outside wrist. Generally, if the pressure of the 
ballonet falls within a regular range, the maximum point, but not the disappearing point, of the pulse amplitude 
can be detected at the ulnar artery, and the ballonet pressure corresponding to the maximum point is always 
higher than mean blood pressure of the artery. However, in order to search the ulnar artery conveniently, it is 
preferred to place at least two shunt-wound photoelectric sensors along the circumference of the wrist over 
the ulnar artery. Obviously, under this condition, only one channel of amplifier and filter is required for the 
ulnar arterial pulse signals, and meanwhile the optimal pulse signal selecting circuit can be omitted. 

As the blood pressure on radial artery is basically the same as on ulnar artery for the same examinee, and the 
gap between the internal pressure of ulnar ballonet (3') and the real pressure put on ulnar artery (9) is 
basically consistent if the examinee does not rotate its wrist greatly, it is necessary to use the result of radial 
artery blood pressure measurement as a standard to calibrate the result of the ulnar blood pressure 
measurement on the ulnar artery for each measurement in this embodiment. When calibrating, connect the 
two pressure ballonets (3 & 3') by tubing and then use volume oscillation method to measure radial artery 
blood pressure and ulnar artery blood pressure at the same time. Calculate the difference (Di) between the 
mean blood pressure measured from the radial artery and the ballonet pressure of ulnar artery corresponding 
to the maximum pulse amplitude of ulnar arterial pulse, and at the same time calculate the ratio (Pi) of the 
ulnar arterial pulse amplitude to the maximum amplitude of the ulnar arterial pulse when the ballonet pressure 
of ulnar artery is equal to the systolic blood pressure measured from the radial artery; each time thereafter, the 
new mean blood pressure of ulnar artery can be obtained by subtracting Di from the ballonet pressure of ulnar 
artery corresponding to the maximum amplitude of measured ulnar arterial pulse, while the new systolic blood 
pressure of ulnar artery can also be obtained by seeking the ballonet pressure corresponding to the point 
where the ratio of ulnar arterial pulse amplitude to its maximum amplitude is Pi, provided that the ballonet be 
lower than the new mean blood pressure. It is possible that the Di and Pi do change due to the excessive 
movement of examinee's wrist, so they must be re-calculated automatically in the same way as the beginning 
during long^rm blood pressure measurement. 

To simplify the circuit structure in this embodiment, most parts of the pressure supplying and measuring 
system, except for pulse signal amplifier, wave filter, optimal pulse signal selector and pulse amplitude 
detector, can be shared in blood pressure measurement for both radial and ulnar artery. Certainly, one 
pressure supplying and measuring systems can be completely shared in both blood pressure measurement 
of radial artery (7) and blood pressure measurement of ulnar artery (9); when measuring the blood pressure 
for either radial artery or ulnar artery, a switching device is used to alternatively connect the above pressure 
supplying and measuring systems to the pressure ballonet tubing of the corresponding artery and the signal 
output. However, this kind of simplification makes the simultaneous retrieval of blood pressure values on both 
arteries impossible in a single measurement. Therefore, when using the result of radial artery blood pressure 
measurement as a standard to calibrate the result of the ulnar artery blood pressure measured on the ulnar 
artery, it is required to make blood pressure measurement on radial artery (7) and ulnar artery (9) in an 
alternate order. The method of calibration is similar, except that the standard blood pressure value of radial 
artery is not the one measured when the blood pressure value of ulnar artery is detected, but the one that's 
sequential. 
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Since the alternate use of two arteries does not incur pain and numbness as long^rm continuous pressure 
detection on one artery does, this embodiment can greatly prolong the time period for repeated and 
continuous blood pressure measurement. 



Embodiment 5 

The method applied in this embodiment is the same as that in aboveHdentified embodiments 

The device of this embodiment combines the on-wrist detecting device with pressure sensor, voltage/air 
pressure sensor, or even all parts of the pressure supplying and measuring system into a whole. There are 
fewer needs for wiring and tubing so as to be convenient for clinical application. Furthermore, for the 
continuous measurement of blood pressure based on volume compensation method, this will greatly 
accelerate the feedback control and improve the precision of the blood pressure waveform measurement. 



Embodiment 6 

The sixth embodiment of this invention is to combine any of the noninvasive on-wrist blood pressure 
measurement devices identified in the above five embodiments with any other detecting devices for 
physiological parameters (e.g. EG, respiration and body temperature) into a whole, forming a multi-function 
body monitor. 



Embodiment 7 

The seventh embodiment of this invention is to connect any of the noninvasive on-wrist blood pressure 
measurement devices identified in the above six embodiments with data recording apparatus (e.g. tape 
recorder, IC memory) or to combine them into a mini-type article, forming a portable monitor for outdoor blood 
pressure measurement. 



Embodiment 8 

The eighth embodiment of this invention is to connect any of the noninvasive on-wrist blood pressure 
measurement devices identified in the above seven embodiments with wire or wireless communicating 
apparatus (e.g. radio transmitter, wire or wireless telephone) and form a remote monitoring network for 
delivering measurement results to medical institutions and retrieving medical advice from medical institutions. 
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Embodiment 9 



The wrist positioning method, the optimal pulse signal selecting method and the measuring method in this 
embodiment is the same as that in the first embodiment. 

However, the device in the ninth embodiment is a kind of simplification and improvement on the basis of the 
first embodiment. In this embodiment, wrist-holding bracket (6) is omitted. For realization of the correct 
positioning, examinee should follow the instructions for use of this device, keep the wrist (18) and the lower 
part of the palm (17) immobile, and keep the angle between the lower part of the palm and the wrist and the 
turning angle of the wrist relative to the forearm to the most applicable degree for measuring the blood 
pressure of the radial artery, and then wrap and secure the ballonet holding strap according to the display of 
optimal pulse sensor position. The mean blood pressure, systolic blood pressure and diastolic blood pressure 
of radial artery is measured then. 

Simple on-wrist blood-pressure meter for daily blood pressure measurement, clinical medical examination or 
for validating the effect of hypertension treatment can be made according to this embodiment. 

The above embodiments are only for illustrating this invention, not for limiting this invention. This invention 
can also have many other embodiments and improvement plans. For example, in the above four 
embodiments, we used volume oscillation method for intermittent blood pressure measurement and volume 
compensation method for continuous blood pressure measurement. In both methods, whether the examinee's 
arterial pulse oscillation amplitude reaches the maximum is used as the criterion to judge whether or not the 
examinee's artery blood pressure is at its unloading state, while pressure control is used to control the 
external pressure on the artery being measured, and photoelectric sensor is used to detect the arterial pulse. 
In fact, other criteria, such as the shape of the pulse waveform or the change in the level of the base line, the 
change in the oscillation amplitude of the small vibration wave added artificially to the pulse wave, and the 
change in the speed of blood flow in the artery being measured, can be used to judge the unloading state of 
the examinee's artery. In addition, hydraulic pressure control can also be used to control the external pressure 
on the examinee's artery, and other types of arterial pulse sensor are applicable in this invention. 
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